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FIG. 1

FIRST PRINCIPLE DIAGRAM OF PRESENT INVENTION

3
. ANALOG SIGNAL
77 N AD GENERATING SEC.
" ; (D/A) AOUT
J | 4
T1 PREDETERMINED
SIGNAL STORING
SEC.
i {
.f"”""~,<_ _______ i JG | JUDGMENT SEC. -
!\‘-.__ _,.."" (A/D) .
T2 T3

FIG. 2

SECOND PRINCIPLE DIAGRAM OF PRESENT INVENTION
3

o ANALOG SIGNAL
/ ) AD GENERATING SEC. AOUT

2

VIRTUAL LOAD
SECTION




US 6,943,616 B2

Sheet 2 of 17

Sep. 13, 2005

U.S. Patent

lIA

1 IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

' "03S INIWODHAN )
_

04S
ONIJOONS

ROER
YUNIHVYdWNOD

r

_
i
_
_
_
t
_
|
_
|

tl

NI PR

|
]

LINOYIO AHOANJA

/ LINOYI0 ISN4 <~

!
|
I

<0-WHSA

11IN0HID

<Q-u>d
304UM0sS LINOYID

43MOd

E)E RN
TYNH3LNI ONIGOO3d

o1l —
aaA

LINIWIQOEWI LSYI4 40 WVHDVIA %0078 LINDHID m . 0— .n_

1L
(Y <Qw>gv3
Gll

@



US 6,943,616 B2

Sheet 3 of 17

Sep. 13, 2005

U.S. Patent

CIRCUIT DIAGRAM OF SPEGCIFIC EXAMPLE DIRECTED TO FIRST
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FIG. o

OPERATIONAL WAVEFORM OF SPECIFIC EXAMPLE DIRECTED TO
FIRST EMBODIMENT
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FIG. 6

TRIMMING TEST FLOW OF FIRST EMBODIMENT
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FIG. /

CIRCUIT DIAGRAM OF VARIANT OF JUDGMENT SECTION
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FIG. 10

OPERATIONAL WAVEFORM OF SPECIFIC EXAMPLE DIRECTED TO SECOND
EMBODIMENT
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FIG. 11

TRIMMING TEST FLOW OF SECOND EMBODIMENT
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FIG. 16

GASE OF MULTIPLE JUDGMENT
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FIG. 18 PRIOR ART
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SEMICONDUCTOR INTEGRATED CIRCUIT

DEVICE, AND ADJUSTMENT METHOD OF

SEMICONDUCTOR INTEGRATED CIRCUIT
DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s based upon and claims the benefit of

priority from each of the prior Japanese Patent Application
No. 2002-248134 filed on Aug. 28, 2002 and No. 2003-
192151 filed on Jul. 4, 2003 the entire contents of which are

incorporated herein by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to adjustment of analog
signal outputted from an analog signal generating section of
an 1nternal power source circuit or the like mcorporated 1n
a semiconductor integrated circuit device, and more particu-
larly to a semiconductor mtegrated circuit device in which
interface for imput-output signals i1s achieved by digital
signal and adjustment method of the semiconductor inte-
orated circuit device.

2. Description of Related Art

FIG. 17 shows an internal power source circuit 300
incorporated 1n a semiconductor integrated circuit device, a
fuse circuit 400 for adjusting the voltage of an internal
power source voltage VII, and a decoding circuit 600 as
circuit examples based on conventional technology. The
internal power source circuit 300 1s constituted of a non-
mverting amplification circuit employing an operational
amplifier circuit. If a gate voltage of a PMOS transistor MP1
1s controlled by an output signal of the operational amplifier
circuit, a reference voltage VREF 1mputted from a reference
terminal REE, which 1s an inverting input terminal, is
subjected to non-1nverting amplification so as to generate the
internal power source voltage VII. An amplification rate at
this time 1s determined by selecting resistance elements R,
RO—R3 connected to a path from the output terminal of the
internal power source voltage VII to the non-inverting input
terminal VAF of the operational amplifier circuit. This
selection 1s performed by supplying electricity to any one of
transfer gates S0—S3 connected between the respective resis-

tance elements R, RO-R3.

This selection 1s carried out by the decoding circuit 600.
The decoding circuit 600 decodes predetermined signals
FS<0>, <1> stored in the fuse circuit 400 and selects any one
of decoding signals D<0>-D<3>. Two-phase signals of
in-phase and anti-phase for each of the predetermined sig-
nals FS<0>, <1> are generated and logical add operation 1s
executed by combining the respective signals so as to obtain
the decoding signal D<0>—<3>.

The fuse circuit 400 1s constituted of a resistance element
and a fuse element and stores predetermined signals FS<0>,
<1> for outputting a predetermined internal power source
voltage VII. The fuse element 1s not cut out when a low level
signal 1s stored and the fuse element 1s cut out when a high
level signal 1s stored. In the semiconductor integrated
circuit, mndividual device characteristics vary because of
characteristic variation due to manufacturing reason and
ogenerally, the reference voltage VREF 1nputted to the ret-
erence terminal REF also varies. The predetermined signals
FS<0>, <1> are signals for correcting this variation so as to
output the predetermined internal power source voltage VII
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2

and 1s set up for each internal power source circuit 300. This
setting work 1s called trimming work and carried out accord-
ing to a test flow shown in FIG. 18.

In the test flow of FIG. 18, the internal power source
voltage VII 1s measured with a tester device, which 1s an
external device of the semiconductor integrated circuit.
Because the fuse element 1s not cut out at this stage, the
predetermined signals FS<0>, <1> are low level signals. A
fransfer gate SO 1s selected 1n the internal power source
circuit 300 so as to set up a minimum amplification rate.
How the amplification rate of the internal power source
circuit 300 should be changed can be calculated preliminar-
1ly based on a measured voltage value of the internal power
source voltage VII. That 1s, a fuse element which should be
cut out 1s predetermined depending on a difference between
an 1nitially measured voltage value of the internal power
source voltage VII and the predetermined value. FIG. 18
shows a test tlow for breaking a fuse element depending on
the measured internal power source voltage VII.

If the 1nitially measured internal power source voltage VII
1s a voltage value VIIX lower than a range adjustable by
selecting the amplification rate (VII<VIIX), the semicon-
ductor integrated circuit 1s a defective product. If 1t 1s over
the predetermined voltage value VIIZ (VIIZ VIIZ), the fuse
clement does not have to be cut out. If respective transfer
cgates S1, S2 are selected, the imitially measured voltage
values VII, which 1s to be set as the predetermined voltage
value VIIZ, are assumed to be VII1, VII2. Consequently, if
the 1nitially measured voltage value VII 1s VIIX, VII2, VII1,
VIIZ, a fuse element which should be cut out corresponding
thereto 1s automatically determined.

According to a conventional technology, if the internal
power source voltage VII in the semiconductor integrated
circuit incorporating the internal power source circuit 300 1s
trimmed, the internal power source voltage VII needs to be
measured according to a trimming test flow. Therefore,
analog data which enables measurement of analog voltage
needs to be used for the trimming test. If other analog circuit
than the internal power source circuit 300 1s loaded, the
analog signal for adjustment needs to be also measured.

On the other hand, with intensification and miniaturiza-
tion of semiconductor integrated circuit technology in recent
years, the semiconductor integrated circuit 1n digital field,
which 1s represented by system LSI, has been loaded with an
analog circuit block containing analog function such as an
internal power source circuit.

For the reason, the semiconductor integrated circuit,
which employs digital signal as an input-output interface to
an external terminal, needs to be provided with a special
measuring terminal (analog terminal) for adjusting the ana-
log signal such as the internal power source voltage, which
1s a problem to be solved.

More specifically, the analog circuit block, which 1s
provided 1n the semiconductor 1ntegrated circuit, 1s disposed
at an arbitrary position corresponding to semiconductor
integrated circuit design. Where the analog terminal should
be disposed differs depending on the design. A wiring path,
wiring length, wiring load and the like from the analog
circuit block to the analog terminal differ depending on the
semiconductor integrated circuit design. In order to output
an analog signal to the analog terminal at a high precision,
a sullicient care needs to be taken to changes or the like of
the analog value due to mixture of noise by digital signals
from peripheral circuits block or adjacent wirings and wiring
load on a wiring path for each design. Consequently, a great
burden 1s applied to its design aspect 1n order to provide with
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a special analog terminal necessary for adjustment of the
analog signal, which 1s a problem to be solved.

Further, with a test on the digital signal inputted/outputted
into/from the digital terminal, an analog signal outputted
from the analog terminal needs to be measured. That 1s, both
digital test and analog test need to be carried out at the same
time. Thus, 1t 1S necessary to prepare a tester device having
both digital testing function and analog testing function.
Consequently, the tester device becomes complicated and
expensive, so that testing time automatically increases.
Through-put from the test worsens and cost necessary for
the test increases, which are problems which should be
solved.

Further, the digital test and analog test need to be carried
out independently and when the analog test 1s performed, the
digital function needs to be kept 1n a predetermined state.
For the reason, an influence upon the analog signal by the
operation of the digital function cannot be tested, which 1s
a problem to be solved.

SUMMARY OF THE INVENTION

The present mvention has been made to solve at least one
of the atore-mentioned problems that the prior art has had.
It 1s an object of the present invention to provide a semi-
conductor 1ntegrated circuit device and an adjustment
method of a semiconductor integrated circuit device capable
of adjusting an analog signal without outputting the analog
signal to the external 1n a form of an analog value wherein
an analog signal to be adjusted 1s outputted from an analog
signal generating section such as an internal power source
circuit or the like built 1n the semiconductor integrated
circuit device.

To achieve the object, according to one aspect of the
present 1nvention, there 1s provided a semiconductor inte-
orated circuit device comprising: an analog signal generat-
ing section for outputting an analog signal; and a predeter-
mined signal storing section for storing at least one
predetermined signal that 1s supplied to the analog signal
generating section and sets the analog signal to a predeter-
mined value, wherein digital signals are used for input/
output interface to external terminals, for adjusting the
analog signal, the semiconductor integrated circuit device
further comprises a judgment section for outputting at least
one judgment signal that corresponds to a comparison result
of the analog signal corresponding to at least one adjustment
signal and the predetermined value generated based on
power source voltage, for each adjustment signal supplied to
the analog signal generating section 1n accordance with a
test signal, and 1n case the judgment signal judges that the
analog signal has the predetermined value, the adjustment
signal corresponding to the as-judged analog signal 1s stored
in the predetermined signal storing section as the predeter-
mined signal.

In the semiconductor integrated circuit device directed to
the one aspect of the present invention, when an analog
signal 1s adjusted for the analog signal generating section
build 1n a semiconductor mtegrated circuit device wherein
digital signals are used for mnput/output interface to external
terminals, at least one adjustment signal 1s supplied for
generating an analog signal. The judgment section compares
the generated analog signal with the predetermined value
generated based on power source and output the comparison
result in a form of at least one judgment signal. The
predetermined signal storing section stores an adjustment
signal that adjusts an analog value to a predetermined value
in accordance with at least one judgment signal in a form of
a predetermined signal.

10

15

20

25

30

35

40

45

50

55

60

65

4

Furthermore, there 1s provided an adjustment method of
the semiconductor integrate circuit device, directed to the
one aspect of the present invention, there i1s provided an
adjustment method of a semiconductor integrated circuit
device that generates an analog signal having a predeter-
mined value based on at least one predetermined signal
stored and uses digital signals for input/output interface to
external terminals, for adjusting the analog signal, the
adjustment method comprising the steps of: a signal gener-
ating step for generating the analog signal that corresponds
to at least one adjustment signal; a judgment step for judging
a comparison result of the analog signal generated and the
predetermined value generated based on power source
voltage, the judgment step being executed 1nside the semi-
conductor integrated circuit device; and a storing step for
storing the adjustment signal as the predetermined signal 1n
case the analog signal 1s judged as having the predetermined
value through the judgment step.

In the adjustment method of the semiconductor integrated
circuit device directed to the one aspect of the present
invention, when an analog signal 1s adjusted for the analog
signal generating section build 1n a semiconductor integrated
circuit device wherein digital signals are used for input/
output interface to external terminals, an analog signal
corresponding to at least one adjustment signal 1s generated
in the signal generating step, and in the judgment step, an
analog signal generated and the predetermined value gen-
erated based on power source voltage are compared inside
the semiconductor integrated circuit device. In the storing
step, at least one adjustment signal 1s stored as at least one
predetermined signal 1n case the analog signal 1s judged as
having the predetermined value.

Since the judgment section or the judgment step i1s
provided, an analog signal outputted for each adjustment
signal and the predetermined value can be compared.
Thereby, judgment of analog signal can be executed inside
the semiconductor integrated circuit device.

That 1s, 1t 1s not necessary to output an analog signal to the
external terminal of the semiconductor integrated circuit
device. Furthermore, 1t 1s not necessary to arrange an output
dedicated external terminal for an analog signal and wiring
for an analog signal to the output dedicated external.
Thereby, consideration for analog wiring 1s not necessitated
and this contributes to simplification of design process of an
semiconductor mtegrated circuit device.

Furthermore, since an analog signal is not outputted from
the external terminal, a test for an analog signal i1s not
required. That 1s, there may be arranged a tester device
having digital function for a digital-interface-type external
terminal. It 1s not necessary to provide a complicated tester
device that has both digital function and analog function.
Furthermore, the inventive semiconductor mtegrated circuit
device does not require system to switch test condition
between digital function and analog function, whereby over-
head of test time due to switching operation. Reduce of test
cost thus can be realized.

It should be noted that the predetermined value herein 1s
a value for a comparison judgment of an analog signal as
well as an analog value. The predetermined value can be
generated based on power source voltage that 1s supplied to
the semiconductor integrated circuit device at the time of
adjustment test. Once power source voltage 1s set as the
predetermined voltage value for adjustment test, it 1s not
necessary to mput a predetermined analog value from an
external terminal as predetermined value. A predetermined
value can be generated by appropriately lowering/dividing
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power source voltage or appropriately combining those
resultant voltages.

Furthermore, 1t 1s preferable that the predetermined value
1s a predetermined analog value region between a {irst
comparison reference value and a second comparison rei-
erence value and the judgment signal judges which analog
value region sectioned by two or more comparison reference
values mcluding the first and the second comparison refer-
ence values the analog signal exists in. Thereby, fluctuation
of the analog signal from the predetermined value can be

orasped and depending on judgment result, at least one
adjustment signal can be fluctuated to make the analog
signal approximate the predetermined value 1mmediately.

It 1s preferable that the judgment section includes a
plurality of comparing sections for comparing the analog
signal with each of the two or more comparison reference
values, and an encoding section for outputting encoding
signals 1n a manner of receiving output signals from the
plurality of comparing sections and discriminating the ana-
log value region where the analog signal exists. As encoding
signals, the encoding section may output digital signals that
have a minimum essential number of bits being enough to
discriminate analog value regions.

Furthermore, according to another aspect of the present
invention, there 1s provided a semiconductor integrated
circuit device comprising: an analog signal generating sec-
tion for outputting an analog signal; and a predetermined
signal storing section for storing at least one predetermined
signal that 1s supplied to the analog signal generating section
and sets the analog signal to a predetermined value, wherein
digital signals are used for input/output interface to external
terminals, and the semiconductor integrated circuit device
further comprises virtual load section for varying load
against the analog signal 1n response to a load setting signal
to be supplied. Still further, there 1s provided an adjustment
method of the semiconductor integrate circuit device,
directed to the another aspect of the present invention, there
1s provided an adjustment method of a semiconductor inte-
orated circuit device that generates an analog signal having
a predetermined value based on at least one predetermined
signal stored and uses digital signals for input/output inter-
face to external terminals, the adjustment method adjusting
the analog signal through a virtual load step for varying load
against the analog signal in accordance with a load setting
signal. Since there 1s provided the virtual load section or the
virtual load step, virtual load can be connected appropri-
ately. Various operation states mside a semiconductor inte-
orated circuit device such as digital function and other
analog function can be reproduced like a simulation. This
adjustment method may be applied to a test for analog signal
adjustment so that analog signal adjustment can be con-
ducted under load condition close to actual operation.

The above and further objects and novel features of the
invention will more fully appear from the following detailed
description when the same 1s read 1n connection with the
accompanying drawings. It 1s to be expressly understood,
however, that the drawings are for the purpose of 1llustration
only and are not intended as a definition of the limits of the
invention.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a first principle diagram of the present invention;

FIG. 2 1s a second principle diagram of the present
mvention;

FIG. 3 1s a circuit block diagram of a first embodiment;

FIG. 4 1s a circuit diagram of a specific example directed
to the first embodiment;
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FIG. 5 shows operational waveform of the specific
example directed to the first embodiment;

FIG. 6 1s a trimming test flow of the first embodiment;

FIG. 7 1s a circuit diagram of a variant of a judgment
section;

FIG. 8 1s a circuit block diagram of a second embodiment;

FIG. 9 15 a circuit diagram of a specific example directed
to the second embodiment;

FIG. 10 shows operational waveform of the specific
example directed to the second embodiment;

FIG. 11 1s a trimming test flow of the second embodiment;
FIG. 12 1s a circuit block diagram of a third embodiment;

FIG. 13 1s a circuit diagram of a speciiic example directed
to the third embodiment;

FIG. 14 1s a circuit diagram of a first specific example
directed to a fourth embodiment;

FIG. 15 1s a circuit diagram of a second speciiic example
directed to the fourth embodiment;

FIG. 16 shows operational waveform obtained incase
multiple judgment 1s made;

FIG. 17 1s a circuit diagram of prior art; and
FIG. 18 1s a conventional trimming test flow.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

FIG. 1 shows a first principle diagram of the present
invention. An analog signal AOUT 1s outputted from an
analog signal generating section 3 1n which an adjustment
signal AD 1s inputted. If the adjustment signal AD 1s digital
signal, the analog signal AOUT 1s outputted from the digital
signal by the analog signal generating section 3 and input-
output signal 1s subjected to D/A conversion by the analog
signal generating section 3. If the adjustment signal AD 1s
digital signal, the adjustment signal AD may be inputted
from an external terminal T1. Contrary to this, an analog
signal AOUT 1s a signal used in the semiconductor inte-
orated circuit device and never outputted as an analog signal
from an external terminal.

The analog signal AOUTT 1s inputted to a judgment section
1 and compared with a predetermined value for judgment.
The predetermined value 1s a reference value for comparison
and judgment and needs to be kept at a predetermined fixed
value. A judgment section 1 generates a judgment signal
based on the power source voltage VDD supplied to an
external terminal T3. In a test operation including adjust-
ment of the analog signal, the power source voltage VDD
supplied to the semiconductor integrated circuit device can
be kept at a predetermined voltage value when 1t 1s supplied.
Therefore, the predetermined value can be generated based
on the power source voltage VDD supplied to the external
terminal T3. The power source voltage VDD needs to be
always supplied so as to operate the semiconductor inte-
orated circuit device. By using the power source voltage
VDD, the predetermined value can be generated without
supplying any analog signal from the external terminal.

The judgment signal JG 1s outputted from the judgment
section 1. This judgment signal JG may be made to act on
a predetermined signal storing section 4 as an 1nternal signal
of the semiconductor integrated circuit device and further,
may be outputted through an external terminal T2. If the
judgment signal JG 1s made to act on the predetermined
signal storing section 4, the adjustment signal AD 1s fetched
into the predetermined signal storing section 4 based on the
judgment signal JG. If the judgment signal 1s outputted from
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the external terminal T2, the judgment signal JG 1s digital
signal. An outputted judgment signal JG 1s mputted to a
control section (not shown) outside such as a tester device.
The external control section acquires the adjustment signal
AD at this time based on the judgment signal JG and
terminates the adjustment test operation at the same time.
Then, the external control section stores an acquired adjust-
ment signal as a predetermined signal prior to or after the
termination of the adjustment test operation. If a digital
signal JG 1s outputted corresponding to the analog signal
AOUT to be mputted to the judgment section 1, the mput-
output signal 1s subjected to A/D conversion at the judgment
section 1.

The predetermined signal storing section 4 can be con-
stituted of electrically rewritable memory elements regard-
less of volatile or nonvolatile, by a circuit structure having
data holding function such as a register, flip-flop. Further, a
fuse element, a 1-time ROM or the like which enables write
of only a single time may be used. The fuse element may be
cut out electrically 1in addition to cutting with laser radiation
or the like. Here, the electric processing may be controlled
within the semiconductor integrated circuit device or by any
external control section.

FIG. 2 shows a second principle diagram of the present
invention. The analog signal generating section 3 outputs an
analog signal AOUT corresponding to the adjustment signal
AD. A virtual load section 2 1s connected to the analog signal
AOUT. The virtual load section 2 can change a load con-
nected to the analog signal AOUT under a control by the
load setting signal LDS. If the load setting signal LDS 1s set
up appropriately, a similar load to a load applied to the
analog signal AD can be connected falsely under each
operation state of the semiconductor integrated circuit
device. If the load setting signal LDS 1s set up when the
analog signal AOUT 1s adjusted according to the adjustment
signal AD, the analog signal AOUT can be judged by
connecting a similar load to actual operation without actu-
ating the semiconductor integrated circuit device.

Here, 1t may be so constructed that the adjustment signal
AD and the load setting signal LDS 1s generated within the
semiconductor integrated circuit device or mputted from
outside through the external terminal T1, T4. If the adjust-
ment signal AD and the load setting signal LDS are mputted
from outside through the external terminal T1, T4, these
signals are digital signals.

Hereinafter, the first to fourth embodiments of the semi-
conductor integrated circuit device and adjustment method
of the semiconductor integrated circuit device of the present
invention will be described in detail with reference to
drawings of FIGS. 3-16. The first to fourth embodiments
adopt such a circuit structure 1n which an internal power
source circuit 31 1s provided as the analog signal generating
section 3 and the internal power source voltage VII 1is
outputted as the analog signal AOUT.

FIG. 3 shows a circuit block diagram of the first embodi-
ment for adjustment of the internal power source voltage
VII. An adjustment signal EAD<m:0> to be inputted from an
external terminal T11 1s inputted to one 1nput terminal of a
multiplexer 51. A predetermined signal FS<m:0>, which 1s
to be stored in a fuse circuit (or memory circuit) 41, is
inputted to the other input terminal of the multiplexer 51.
The multiplexer 51 1s controlled by a test signal T'S inputted
to the external terminal T1S5. In adjustment test for the
internal power source voltage VII, the adjustment signal
EAD<m:0> 1s selected. In a normal state after the adjust-
ment signal is stored in the fuse circuit (or memory circuit)
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41 after the adjustment test 1s completed, the predetermined
signal FS<m:0> 1s selected. The selected signal EAD<m:0>
or FS<m:0> 1s decoded by a decoding circuit 61. A decoding
signal D<n:0> outputted from the decoding circuit 61 1is
inputted to the mternal power source circuit 31.

The internal power source voltage VII outputted from the
internal power source circuit 31 1s 1nputted to a comparing
section 12 1n the judgment section 11. Further, the power
source voltage VDD supplied to the external terminal T13 1s

inputted to the comparing section 12. The comparing section
12 sets up a predetermined value based on the power source
voltage VDD. A comparison result signal J from the com-
paring section 12 is mputted to the encoding section 13.
Then, the encoding section 13 judges a comparison result
and the judgment signal JG 1s outputted.

For storage of the adjustment signal EAD<m:0> to the
fuse circuit (or memory circuit) 41, a case where it is
controlled within the semiconductor integrated circuit
device and a case where 1t 1s controlled by an external
control device (not shown) such as a tester device can be
considered. If 1t 1s controlled internally, the judgment signal
JG is inputted to the fuse circuit (or memory circuit) 41 as
a control signal and by blowing of the fuse element based on
the judgment signal JG or writing operation 1nto the memory
clement, the adjustment signal EAD<m:0> 1s fetched 1. If
it 1s controlled from outside, the judgment signal JG 1is
digital signal and outputted from the external terminal T12.
By blowing of the fuse element from outside or writing
operation 1nto the memory element based on the outputted
judgment signal JG, the adjustment signal EAD<m:0> 1s
stored. When 1t 1s also controlled internally, it 1s permissible
to output the judgment signal JG from the external terminal
112 as digital signal. In this case, 1t 1s possible to notily of
completion of the adjustment test operation with the judg-
ment signal JG and stop supply of the test signal TS and
adjustment signal EAD<m:0>.

If the test signal TS mputted from the external terminal
1135 1s activated, the adjustment signal EAD<m:0> 1s input-
ted from the external terminal T11 every predetermined
cycle. The inputted adjustment signal EAD<m:0> 1s
decoded to a decoding signal D<n:0> by the decoding circuit
61 through the multiplexer 51 and inputted to the internal
power source circuit 31. The internal power source circuit 31
outputs the internal power source voltage VII corresponding
to the decoding signal D<n:0>. The outputted internal power
source voltage VII 1s inputted to the comparing section 12 1n
the judgment section 11 and compared with a predetermined
value generated based on the power source voltage VDD.
The comparison result signal J 1s mputted to the encoding
section 13. The encoding section 13 judges a comparison
result so as to output the judgment signal JG. If it 1s judged
that the judgment signal JG does not coincide with the
predetermined value of the internal power source voltage
VII, the adjustment signal EAD<m:0> 1s updated after a
predetermined cycle and inputted and then, the comparison
judgment operation 1s repeated. If 1t 1s judged that the
judgment signal JG coincides with the predetermined value
of the internal power source voltage VII, the adjustment
signal EAD<m:0> produced as a result of the judgment on
that coincidence 1s stored in the fuse circuit (or memory
circuit) 41 by internal control or external control depending,
on setting of the semiconductor integrated circuit device.

FIG. 4 shows a specific circuit diagram of the first
embodiment. This Figure indicates that 2-bit signal (m=1) is
inputted from the external terminals T11A, T11B as the
adjustment signal EAD <1:0>. The fuse circuit 41 A stores
the predetermined signal FS<1:0> at a connection point
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between a resistance element connected to the power source
voltage and the fuse element F<1:0> connected to the
cground voltage. If the fuse element F<1:0> 1s not cut out, a
low level signal 1s stored and 1if 1t 1s cut out, a high level
signal 1s stored.

The multiplexer 51A selects either one of the adjustment
signal EAD<1:0> and the predetermined signal FS<1:0>.
Transter gates SEQ, SE1 and SFOQ, SF1 are provided between
cach signal path and the output terminal. Each transfer gate
1s supplied with electricity and controlled by a test signal T'S
inputted from the external terminal T15A. The transfer gates
SE0, SE1 and the transfer gates SF0Q, SF1 are controlled
exclusively from each other because the connecting relations
of the transfer gates SEQ, SE1 and the transfer gates SFO,
SF1 are reverse to each other. The transfer gates SEQ, SE1
are supplied with electricity by a low level signal of the test
signal TS so that the predetermined signal EAD <1:0> 1is
selected. The transfer gate SF0, SF1 are supplied with
clectricity by a high level signal of the test signal T'S so that
the predetermined signal FS<1:0> 1s selected. The adjust-
ment test operation for the internal power source voltage VII
1s carried out by a low level signal of the test signal TS.

The two-bit signals selected by the multiplexer S1A are
inputted to the decoding circuit 61A. After that signals are
inputted, signals of the mn-phase and anti-phase are generated
for each bit. Four types of decoding are carried out corre-
sponding to combinations of the respective signals. That 1s,
if the adjustment signals EAD<1:0> are taken as an
example, decoding signals D<0>—D<3> are selected succes-
sively to (EAD<1>, EAD<0>)=(0, 0), (0, 1), (1, 0), (1, 1) by
NOR-gate NORO-NORS3 so as to produce high level signals.

The 1nternal power source circuit 31A outputs the internal
power source voltage VII from a connection point between
the PMOS transistor MP1 and the resistance element array
of R, RO—R3. The gate terminal of the PMOS transistor MP1
1s controlled by an operation amplifier. The reference volt-
age VREF 1s imnputted to a reverse-input terminal of the
operation amplifier from the reference terminal REF. A
feedback loop i1s constructed between the non-inverting
input terminal and the output terminal of the internal power
source voltage VII. A fed-back feedback voltage VAF 1is
inputted to the non-inverting input terminal. The transfer
gates S0-S3 for connecting between each connection point
of the resistance element array of R, RO0-R3 and the non-
inverting 1nput terminal are selected corresponding to the
decoding signals D<0>—-D<3> so as to form a feedback loop.
The internal power source circuit 31A 1s a non-inverting
amplification circuit having a predetermined amplification
rate which 1s determined by a feedback position in the
resistance element array of R, RO-R3.

In this feedback loop, depending on switching of the
decoding signals D<0>—D<3> accompanied by switching of
the adjustment signals EAD<1:0>, each of the transfer gates
S0-53 1s turned ON successively. The feedback positions in
the resistance element array of R, RO—R3 are shifted to low
voltage side successively so as to increase the amplification
rate. The internal power source voltage VII 1s raised suc-
cessively so as to obtain an output voltage value.

The 1nternal power source voltage VII 1s imnputted to the
comparing section 12A. The comparing section 12A con-
tains two comparators C0, C1. Reference voltages VIIO,
VII1 of the respective comparators C0, C1 are obtained by
dividing the power source voltage VDD mputted from the
external terminal T13A with resistance elements RCO-RC2.
Here, a voltage value region between the reference voltage
VII0 and VII1 1s a predetermined value. If the internal power
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source voltage VII 1s inputted to each of the comparators C0,
C1, comparison of voltage with the predetermined value 1s
carried out. If the internal power source voltage VII 1s 1n a
lower voltage value region than VII0 and if 1n a higher
voltage value region than VII1, the comparison signals J<0>,
J<1> outputted from each of the comparators C0, C1 are of
the in-phase. If the comparison signals are 1n a voltage value
region between the reference voltages VIIO and VII1, the
comparison signals J<0>, J<1> are of anti-phase.

The encoding section 13A, which encodes the comparison
signals J<0>, J<1> so as to output the judgment signal JG,
inverts the comparison signal J<0> logically and acquires
NOR logic between the comparison signal J<1> and J(C). If
the 1nternal power source voltage exists 1n a voltage value
region between the reference voltages VII0 and VII1 as
described above, the comparison signals J<0>, J<1> are of
the anti-phase and mput signals to the NOR gate become low
level. Therefore, 1n this case, a high level signal 1s outputted
as the judgment signal JG and 1t 1s determined that the
internal power source voltage VII 1s a predetermined value.
Because the judgment signal JG outputted from the encod-
ing section 13A 1s digital signal, it can be outputted from a
external terminal T12A. The judgment section 1s constituted
of the comparing section 12A and the encoding section 13A.

FIG. 5 shows an operation waveform 1n a specific
example of the first embodiment. If the test signal TS 1is
mverted to low level, the adjustment test on the internal
power source voltage VII 1s started. With this state, the
adjustment signals EAD <1:0> are incremented successively
from a logical level of (0, 0). Because the adjustment signals
EAD<1:0> are selected by the multiplexer S1A correspond-
ing to the test signal TS, each of the decoding signals
D<0>-D<3> 1s selected successively to produce high level
signal. The amplification rate of the internal power source
circuit 31A 1s increased corresponding to selection of the
decoding signals D<0>—D<3>. Therefore, the internal power
source voltage VII 1s increased successively.

Because the mternal power source voltage VII 1s smaller
than the reference voltage VII0 of the comparing section
12A when the decoding signal D<0> and D<1> 1s selected,
the comparison signals J<0>, J<1l> are of high level.
Because the 1nternal power source voltage VII 1s larger than
the reference voltage VII1 of the comparing section 12A
when the decoding signal D<3> 1s selected, the comparison
signals J<0>, J<1> are of low level. In either case, one 1nput
terminal of the NOR gate of the encoding section 13A
becomes high level. Therefore, the judgment signal JG
keeps low level.

When the decoding signal D<2> 1s selected, the internal
power source voltage VII 1s located between the reference
voltages VII0 and VII1 of the comparing section 12A. Thus,
the comparison signal J<O> 1s of high level while the J<1>
1s low level. The mnput terminals of the NOR gate of the
encoding section 13A become low level. Therefore, the
judgment signal JG becomes high level.

The adjustment signals EAD<1:0> at this time are memo-
rized in an external control section by the judgment signal
JG outputted from the external terminal T12A. After the test
signal TS 1s inverted to high level and the adjustment test 1s
terminated, a predetermined fuse element 1 a fuse circuit
41A 1s cut out. More specifically, the fuse element F<1> 1s
cut out in order to store the adjustment signals (EAD<1>,
EAD<0>)=(1, 0). Consequently, the adjustment signals
(EAD<1>, EAD<0>)=(1, 0) are stored in the fuse circuit
41A as the predetermined signals (FS<1>, FS<0>)=(1, 0).

FIG. 6 shows a test flow for a case where a predetermined
signals FS<m:0> are stored by executing a trimming test on
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the 1nternal power source voltage VII using a tester device
as an external control section. A portion surrounded by the
parentheses 1 FIG. 6 indicates processing within the semi-
conductor integrated circuit device.

Test mode 1s set up 1n a tester device when the trimming,
test is started (S1). Consequently, the test signal TS is
inverted to low level and at the same time, the power source
voltage VDD 1s fixed to a predetermined voltage value.
Further, 1t 1s 1nitialized to the adjustment signals
EAD<m:0>=0. With this state, the adjustment signals
EAD<m:0> are supplied successively to the external termi-
nal of the semiconductor integrated circuit device. The
adjustment signals EAD<m:0> are decoded 1n the semicon-
ductor integrated circuit device so as to output one of
decoding signals D<n:0> and correspondingly, the mnternal
power source voltage VII 1s outputted. The outputted inter-
nal power source voltage VII is compared for judgment (S2).

As a result of the judgment, the judgment signal JG,
which 1s digital signal outputted from the external terminal,
is judged (S3). If a low level is maintained (S3: NO), it
means that the internal power source voltage VII 1s not a
predetermined value. Therefore, the adjustment signals
EAD<m:0> are incremented by one and updated (S4). If the
incremented adjustment signals EAD<m:0>are not zero
which is an initial value (§85: NO), a new adjustment signals
EAD<m:0> 1s supplied to the external terminal and the
processing after S2 1s repeated. If the updated adjustment
signals EAD<m:0> return to the initial value O (S5: YES), it
means that 1n this semiconductor integrated circuit device,
its 1internal power source voltage VII cannot be adjusted to

the predetermined value and then 1t 1s determined that this 1s
a defective product (S6).

If the judgment signal JG turns to a high level as a result
of the judgment (S3: YES), it means that the internal power
source voltage VII 1s a predetermined value. The value of the
adjustment signals EAD<m:0> at this time are acquired as
storage data into the fuse circuit (or memory circuit) 41 (S7).
Based on this acquired data, the appropriate fuse elements
are cut out (or the adjustment signals EAD<m:0> are fetched
in).

FIG. 7 shows a modification of the judgment section. The
comparing section 12B adds resistance elements RC3, RC4
and comparators C2, C3 to the comparing section 12A (see
FIG. 4). The reference voltages of the respective compara-
tors C0-C3 are reference voltages VIIO, VII1, VII2, VII3
respectively. The reference voltages VIIO-VII3 are obtained
by dividing the power source voltage VDD 1nputted from the
external terminal by resistance elements RCO0-RC4. If the
voltage value region between the reference voltages VII1
and VII2 1s set to a predetermined value, two voltage value
regions exist each up and down. Five voltage value regions
can be identified.

The comparing section 12B identifies 1n which voltage
value region of those five regions the internal power source
voltage VII exists. This 1identification 1s carried out when the
comparison signals J<3:0> outputted from the respective
comparators C0-C3 are set to “1” successively from the
comparison signal J<0> to the comparison signal J<3>. The
encoding section 13B encodes the comparison signals
J<3:0> s0 as to output 3-bit judgment signals JG<2:0>. In an
encoding table of FIG. 7, the judgment signals JG<2:0> are
incremented as the comparison signals J<3:0> are increased.
If the internal power source voltage VII exists 1n a prede-
termined voltage value region, (0, 0, 1, 1) 1s obtained as the
comparison signals J<3:0>. At this time, (0, 1, 0) are
outputted as the judgment signals JG<2:0>.
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The judgment signals JG<2:0> have information about 1n
which voltage value region the internal power source volt-
age VII exasts 1f it exists 1in other voltage value region than
the predetermined voltage value region. Thus, the voltage
value region of the internal power source voltage VII can be
ograsped with the judgment signals JG<2:0>, so that transi-
fion of the adjustment signals can be brought near the
predetermined signal more securely and rapidly. Although
an example 1n which the judgment signals are 3-bit signals
has been described 1n FIG. 7, this signal may be composed
of more bits. Consequently, a more accurate voltage value
region of the internal power source voltage VII can be
ograsped, so that the adjustment signals can be brought near

the predetermined signals more rapidly.

FIG. 8 shows a circuit block diagram of the second
embodiment about adjustment of the internal power source
voltage VII. This circuit has a memory circuit (or fuse
circuit) 42 instead of the fuse circuit (or memory circuit) 41
of the first embodiment (FIG. 3). Additionally, an adjustment
signal generating section 71 1s 1ncorporated.

The adjustment signal generating section 71 comprises an
oscillation circuit 72 and a counter circuit 73 1n which an
oscillation signal CLK from an oscillation circuit 72 1is
inputted. Further, the oscillation circuit 72 and the counter
circuit 73 are controlled by the test signal TS 1nputted to the
external terminal T15. The counter circuit 73 counts the
oscillation signal CLK and outputs adjustment signals
CAD<m:0> at every predetermined timing. Here, 1n order to
count the predetermined timing, preferably, the oscillation
signal CLK 1s divided or increment timing of the counter
circuit 73 1s subjected to adjustment or the like appropri-
ately. Consequently, the adjustment signals CAD<m:0> are
generated 1n the semiconductor 1integrated circuit device and
therefore, the external terminals T11 (FIG. 3) for use for
input of the adjustment signals EAD<m:0> are not required.
As a result, the quantity of the external terminals for
adjustment and test for the internal power source voltage VII
can be reduced.

Storage of the adjustment signals CAD<m:0> 1nto the
memory circuit (or fuse circuit) 42 is controlled within the
semiconductor integrated circuit device. The judgment sig-
nal JG is inputted to the memory circuit (or fuse circuit) 42
as a control signal and by writing operation into a memory
clement based on the judgment signal JG or by cutting of the
fuse element, the adjustment signals CAD<m:0> are fetched
in. In this case, the cutting of the fuses 1s performed by
applying an electric stress. The stored signals are supplied as
predetermined signals MS<m:0> at the time of normal
operation.

In the meantime, although the judgment signal JG of this
case 1S a signal for internal control, this signal may be
outputted from an external terminal as digital signal. It 1s
also possible to notify of completion of the adjustment test
operation with the judgment signal JG and stop supply of the
test signal TS from a tester circuit or the like.

FIG. 9 shows a major component circuit diagram accord-
ing to a specific example of the second embodiment. This
indicates a case where a 2-bit signals (m=1) are outputted as
adjustment signals CAD <m:0> from the counter circuit
73A. In the oscillation circuit 72A, the test signal TS
inputted from the external terminal T15A 1s inputted to an
input terminal of the NAND gate as an enable signal. That
1s, the NAND gate 1s turned to logical inverting gate by the
test signal TS and constitutes a ring oscillator together with
an 1nverter gate array connected to the other mnput terminal.

The counter circuit 73A 1s a counter circuit in which
flip-flop 1s cascade-connected. The oscillation signal CLK 1s




US 6,943,616 B2

13

inputted to a clock terminal (CLK) of the flip-flop of the
lowest bit. Then, the adjustment signals CAD<1:0> are
outputted from each flip-flop. The adjustment signals
CAD<1:0> are supplied to the multiplexer 51 and at the
same time to the memory circuit 42A.

The memory circuit 42A contains latch sections L0, L1
for each bit of the adjustment signals CAD<1:0> as a
memory cell. The mputted adjustment signals CAD<1:0>
arec connected to the latch sections L0, L1 through the
transfer gates SCO, SC1. The transfer gates SCO0, SC1 are
turned ON and controlled depending on a result of logical
product operation between the oscillation signal CLK and
the judgment signal JG. More specifically, when it 1s deter-
mined that the internal power source voltage VII 1s a
predetermined value by the adjustment signals CAD<1:0>
updated depending on the output of the oscillation signal
CLK, a high level signal 1s outputted as the judgment signal
JG. The transter gates SC0, SC1 are turned ON by a logical
product between the high-level judgment signal JG and the
high level period of the oscillation signal CLK, so that the
adjustment signals CAD<1:0> are stored in the latch sec-
tions LO, L1 of the memory circuit 42A. The adjustment
signals CAD<1:0> stored 1n the latch section are supplied to
the multiplexer 51 as the predetermined signals MS<1:0>.

Because a circuit structure not described 1in FIG. 9 of the
specific example of the second embodiment 1s the same as
the circuit structure of the specific example of the first
embodiment (FIG. 4), description thereof 1s omitted. In this
case, mnverted signal of the test signal TS 1s inputted to the
multiplexer.

FIG. 10 shows an operation waveform according to a
specific example of the second embodiment. If the test signal
TS 1s mnverted to a high level, adjustment test 1s started. The
adjustment signals CAD<1:0> outputted from the counter
circuit 73A at every cycle of the oscillation signal CLK are
incremented. Such an operation that the decoding signals
D<0>-D<3> are selected successively depending on the
adjustment signals CAD<1:0> and the internal power source
voltage VII 1s switched so as to output the comparison
signals J<1:0> and the judgment signal JG 1s the same as the
specific example of the first embodiment (FIG. §). Accord-
ing to a specific example of the second embodiment, the
adjustment signals CAD<1:0> are written into the memory
circuit 42A based on transition of the judgment signal JG to
a high level. The written adjustment signals CAD<1:0> are
stored as the predetermined signals MS<1:0>.

According to the specific example of the second
embodiment, when the judgment signal JG turns to a high
level during the operation of the adjustment test with the test
signal TS kept at a high level, the storage operation of the
adjustment signals CAD<1:0> into the memory circuit 42A
1s carried out. FIG. 10 indicates a case where increment of
the adjustment signals CAD<1:0> are continued after the
adjustment signals CAD<1:0> are stored mto the memory
circuit 42A, so that the adjustment test 1s continued. It 1s
permissible to construct that when the storage operation 1s
completed, the test signal TS 1s transterred to a low level by
outputting the judgment signal JG as digital signal from the
external terminal T12A so as to terminate the adjustment
test.

FIG. 11 shows a test flow of a case where trimming test
1s carried out for the internal power source voltage VII using
an external tester device so as to store the predetermined
signals MS<m:0>. A portion surrounded by the parentheses
indicates processing within the semiconductor integrated
circuit device.
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After the trimming test 1s started, test mode 1s set up 1n the
tester device (S11). Consequently, the test signal TS is
inverted to a high level and the power source voltage VDD
1s fixed to a predetermined voltage value. In the semicon-
ductor 1ntegrated circuit device which receives a high-level
test signal TS, the counter circuit i1s reset so that the
adjustment signals CAD<1:0> are initialized (S12). After
that, the adjustment signals CAD<1:0> which are output
signals from the counter circuit 1s decoded by a decoding
signals D<n:0> and then, the internal power source voltage
VII 1s outputted. Further, comparison with the predeter-
mined value and judgment is carried out (S13).

If the judgment signal JG which 1s digital signal outputted
from the external terminal keeps low level as a result of
judgment (S14: NO), unless time-out is reached after time-
out of the adjustment test is detected (S15: NO), comparison
and judgment about the internal power source voltage VII
accompanying increment operation of the adjustment sig-
nals CAD<1:0> within the semiconductor integrated circuit
device are continued. If the time-out is reached (S15: YES),
it 1s determined that this semiconductor mtegrated circuit
device is a defective product (S16).

If the judgment signal JG turns to a high level as a result
of the judgment (S14: YES), the adjustment signals
CAD<1:0> are stored as memory data 1n the semiconductor
integrated circuit device (S17). The stored data is the pre-
determined signals MS<1:0>. At this time, the tester device
may 1nvert the test signal TS to a low level and terminate the
adjustment test.

A circuit block diagram of the third embodiment for
adjustment of the internal power source voltage VII shown
in FIG. 12 indicates a case where the adjustment test of the
internal power source voltage VII in the semiconductor
integrated circuit device provided with a self-diagnosis test
(BIST) circuit 81 is executed as a self-diagnosis test by BIST
circuit 81.

Additionally, this block diagram shows a case where the
predetermined signals MS<m:0> are stored 1n a nonvolatile
memory circuit 43. Because generally, data writing time to
the nonvolatile memory circuit 43 1s longer than increment
period of the adjustment signal BAD<m:0>, this embodi-
ment includes a latch circuit 44 for temporarily holding the
adjustment signals BAD<m:0> to be stored. The adjustment
signals BAD<m:0> are held on the latch circuit 44 and
written 1nto the nonvolatile memory circuit 43.

The BIST circuit 81 starts the self-diagnosis test accord-
ing to the test signal TS supplied from the external terminal
T15. For the adjustment test of the internal power source
voltage VII, an adjustment test signal TSAD 1s outputted to
the multiplexer 51. At the same time, the adjustment signals
BAD<m:0> are transferred and outputted at every predeter-
mined cycle. The predetermined timing mentioned here
refers to a time longer than a time taken until the mternal
power source voltage VII 1s updated by the internal power
source circuit 31 and the adjustment signals BAD<m:0> are
fetched into the latch circuit 44 corresponding to the judg-
ment signal JG, this time also including a time for outputting
a judgment result as the judgment signal JG by the judgment
section 11.

The judgment signal JG outputted from the judgment
section 11 1s inputted to the latch circuit 44 and functions as
a latch signal and at the same time, 1s inputted to the BIST
circuit 81. When the judgment signal JG indicating that the
internal power source voltage VII turns to be a predeter-
mined value 1s inputted, the adjustment signals BAD<m:0>
at this time are fetched into the latch circuit 44 and the
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program signal PGM 1s outputted from the BIST circuit 81
into the nonvolatile memory circuit 43. The adjustment
signals BAD<m:0> latched to the latch circuit 44 based on
the program signal PGM are written into the nonvolatile
memory circuit 43. At the same time, transition of the
adjustment signals BAD<m:0> outputted from the BIST
circuit 81 1s stopped.

FIG. 13 shows a major component circuit diagram
according to a specific example of the third embodiment.
This Figure indicates a case where 2-bit signals (m=1) are
outputted as the adjustment signals BAD<m:0> from the
BIST circuit 81. The adjustment signals BAD<1:0> output-
ted from the BIST circuit 81 are supplied to the multiplexer
51 and at the same time to the latch circuit 44A.

The latch circuit 44A has the same structure as the
memory circuit 42A (FIG. 9). A latch section is provided for
cach bit of the adjustment signals BAD<1:0> and the
inputted adjustment signals BAD<1:0> are connected to the
latch section through transfer gate. The transfer gate 1is
turned ON and controlled depending on the judgment signal
JG. That 1s, the adjustment signal BAD<1:0> are fetched
into the latch section because the transfer gate 1s turned ON
by the judgment signal JG of a high level when 1t 1s
determined that the internal power source voltage VII 1s a
predetermined value. The adjustment signals BAD<1:0>
fetched mto the latch section 1s written mto a nonvolatile
memory cell through a write circuit of the nonvolatile
memory cell based on a program signal PGM.

Because the circuit structure not indicated in FIG. 13 of
the specific example of the third embodiment 1s the same as
the circuit structure of the specific example (FIG. 4) of the
first embodiment, description of that section 1s omitted.

FIG. 14 shows a circuit diagram indicating a first specific
example of the fourth embodiment of a virtual load section.
A PMOS ftransistor MP2 1s provided as the virtual load
section 24A between the internal power source voltage VII
and the ground voltage. A load signal generating section 94A

1s provided to supply a load signal VG to a gate terminal of
the PMOS transistor MP2.

In the load signal generating section 94A, the PMOS
transistor MP3 and resistance element array are connected in
serics between the power source voltage VDD and the
oround voltage. A load signal VG 1s outputted from each
connection point of the resistance element array through
cach transfer gate. An 1nverted signal of the test signal TS 1s
inputted to the gate terminal of the PMOS transistor MP3
through an inverter gate. A load setting signals LDS<1:0> are
inputted as a digital signal from external terminals T46A.
The mputted load setting signals LDS<1:0> are decoded by
a decoding circuit and selects a transfer gate provided at

cach connection point of the resistance element array and
turns 1t ON.

The load signal VG 1s outputted as a predetermined
voltage between the power source voltage VDD and the
oground voltage so that the PMOS transistor MP2 1s biased.
The PMOS transistor MP2 functions as a constant current
source which 1s turned ON with a predetermined bias state.
Or 1t can be regarded that a resistance element having a
predetermined ON resistance 1s connected between the
internal power source voltage VII and the ground voltage. A
current depending on this ON resistance flows as a load
current.

The voltage value of the load signal VG can be set
appropriately by exchanging a transfer gate to be turned ON
depending on the load setting signals LDS<1:0>. A current
value tlowing as the virtual load can be set up appropriately.
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Further, if the load setting signals LDS<1:0> are exchanged
dynamically, a load current of the internal power source
voltage VII which changes 1n actual operation with a time
passage can be reproduced falsely.

A second specific example of the fourth embodiment of
the virtual load section shown 1n FIG. 15 includes a virtual
load section 24B and a load signal generating section 94B.
In the virtual load section 24B, the internal power source
voltage VII and resistance element are selectively connected
through a transfer gate, so that each transfer gate has a
resistance element having a different resistance value.
Consequently, a different load can be connected depending,
on a transier gate to be selected and turned ON.

The load signal generating section 94B 1ncludes a decod-
ing circuit. The load setting signals LDS<1:0> to be inputted
as digital signal from the external terminals T46A are
decoded. A transfer gate of the virtual load section 24B 1s
selected by decoding signal outputted from the decoding
circuit.

Although the first and second specific examples are
indicated 1n such a condition that the load setting signals
LDS<1:0> are mputted from the external terminals T46A,
this signal may be generated within the semiconductor
integrated circuit device.

The operation waveform shown i1n FIG. 16 indicates a
case where upon adjustment of the internal power source
voltage VII, the internal power source voltage VII becomes
a predetermined value with respect to adjacent paring adjust-
ment signals XAD<1:0>(X indicates “E”, “C”, or “B” here).
A high-level judgment signal JG 1s outputted at continuous
two cycles. More specifically, when the adjustment signals
(XAD<1>, XAD<0>)=(1, 0) are dispatched, a relation VII=
VII0 1s attained, so that a lower limit value 1n a voltage value
region of the predetermined value 1s reached. Further, when
the adjustment signals (XAD<1>, XAD<0>)=(1, 1) are
dispatched, a relation of VII=VII1 1s attained, so that a upper
limit voltage value 1n a voltage value region of the prede-
termined value 1s reached. Although FIG. 16 indicates a case
where the imternal power source voltage VII becomes a
predetermined value at continuous two cycles, there 1s a
possibility that the internal power source voltage VII
becomes the predetermined value over three or more cycles.

In such a case, 1f it 1s so set up that the adjustment signals
XAD<1:0> are stored at a first cycle when the judgment
signal JG becomes a high level, an accurate adjustment
signals XAD<1:0> can be stored even when the judgment
signal JG confinues to be a high level over plural cycles.

As described above, according to the semiconductor inte-
grated circuit device of this embodiment and the adjustment
method of the semiconductor integrated circuit device, the
semiconductor mtegrated circuit device includes the judg-
ment section 1, 11 and the judgment step 1s carried out
within the semiconductor integrated circuit device. For each
of the adjustment signals XAD<m:0>(X indicates “E”, “C”,
or “B”), the iternal power source voltage VII which is an
analog signal outputted from the internal power source
circuit 31, 31A, which 1s an example of the analog signal
generating section 3, 1s compared with a predetermined
value and judged. Therefore, the judgment on the internal
power source voltage VII can be carried out within the
semiconductor mtegrated circuit device.

The mternal power source voltage VII does not have to be
outputted to an external terminal of the semiconductor
integrated circuit device. Thus, the semiconductor integrated
circuit device does not require provision of an output
external terminal of the internal power source voltage VII or
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wiring for the mternal power source voltage VII to the
output external terminal. Consequently, care to designing on
analog wiring 1s not required, so that designing load of the
semiconductor integrated circuit device can be reduced.
Because the internal power source voltage VII 1s not
outputted from the external terminal, any test for analog

signal 1s not required. Only a tester device having digital test
function needs to be provided for an external terminal of

digital interface. It 1s not necessary to provide with any
complicated tester device which achieves both digital func-
fion and analog function. Further, test condition exchange
between digital function and analog function 1s not required,
thereby reducing an overhead of the test time which is
ogenerated with the test condition exchange. Consequently,
test cost can be reduced.

The reference voltages VII0, VII1, VIIO-VII3 for setting,
the predetermined value are analog values and obtained by
dividing the power source voltage VDD supplied from the
external terminal T13A through the resistance element array
of RCO—-RC2, RCO-RC4 provided on the comparators 12A,
12B. It the power source voltage VDD 1s set to the prede-
termined voltage value at the time of adjustment test, any
analog value for predetermined value setting does not need
to be mputted from any special external terminal.

Further, the predetermined value mentioned here refers to
the first and second comparison reference values. This value

1s a predetermined voltage value region surrounded by the
reference voltages VIIO and VII1 (in case of FIG. 4) and the

reference voltages VII1 and VII2 (in case of FIG. 7). Further,
it 1s possible to judge m which region the internal power
source voltage VII exists of voltage value regions parti-
tioned by two or more comparison reference values, that 1s,
the reference voltages VII0O and VII1, VIIO to VII3.
Consequently, a difference between the internal power
source voltage VII and the predetermined value can be
ograsped, so that the adjustment signal can be transferred
depending on the judgment signal JG, JG<2:0> and brought
near the predetermined value rapidly.

Preferably, the judgment section 1, 11 includes plural
comparing sections C0, C1 (in case of FIG. 4) or C0—C3 (in
case of FIG. 7) for comparing the internal power source
voltage VII with the reference voltage and encoding sections
13A, 13B 1n which comparison signals are inputted from
plural comparing sections and which 1dentifies in which
voltage value region the internal power source voltage
exists. Consequently, if the judgment signal JG, JG<2:0>,
which 1s an encoding signal, includes a digital signal having,
bit number capable of 1dentifying a voltage value region, a
judgment result can be expressed with digital signal of
minimum bit number. As for the external terminal for
outputting the judgment signal JG, a minimum number of
those terminals only has to be secured.

Storage of the predetermined signals FS<m:0> into a fuse
circuit (or memory circuit) 41, 41 A having fuse elements or
memory clements, which act as a predetermined signal
storing section, can be carried out independently under an
external control such as a tester device. After a sequence of
test based on the tester device 1s completed, the storage
operation can be carried out.

If the predetermined signal storing section 1s constituted
of memory circuits (fuse circuits) 42, 42A, 43, 43A, by
generating the control signal within the semiconductor inte-
orated circuit device based on the judgment signal JG, the
writing of the adjustment signals CAD<m:0>, BAD<m:0>
into the memory elements can be executed. Further, by
providing the semiconductor mtegrated circuit device with a
circuit structure for cutting off fuse elements electrically, the
fuse elements can be cut out depending on the adjustment
signals CAD<m:0>, BAD<m:0> based on the judgment
signal JG.
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The memory elements may be constituted of volatile
memory cells used for SRAM, DRAM or the like, like the
memory circuit 42A. Further, the memory elements may be
constituted of nonvolatile memory cells electrically
rewritable, provided on a flush memory or the like, like the
memory circuit 43, 43A. Additionally, this function may be
achieved by a circuit structure having data holding function
such as a register, flip-flop 1nstead of the memory cell.

Further, because virtual load step 1s executed under pro-
vision of the virtual load sections 24 A, 24B, virtual load can
be connected appropriately when the mternal power source
voltage VII 1s adjusted. Various kinds of operation condi-
tions 1 the semiconductor mtegrated circuit device such as
digital function, other analog function can be reproduced
falsely. Consequently, the internal power source voltage VII
can be adjusted under a load condition near the actual
operation.

In the meantime, the present invention is not restricted to
the above-described embodiments, but needless to say, may
be 1mproved or modified in various ways within a scope not
departing from the gist of the present invention.

For example, although under these embodiments, the
internal power source circuit 1s taken as an example of the
analog signal generating section and a case where the
internal power source voltage VII 1s adjusted as the analog
signal has been described, the present invention i1s not
restricted to this example. Additionally, the present 1nven-
fion may be applied to a case in which a necessity of
adjusting other analog values such as bias voltage, bias
current exists.

In this case, the virtual load section may be so constructed
to connect a current source as a load or to connect an
impedance element on a power source or an analog signal
path.

Although as the fourth embodiment, a case where the
PMOS transistor or a resistance element 1s connected as the
virtual load section, the present invention 1s not restricted to
this example. Needless to say, the virtual load section may
be constituted of the NMOS ftransistor, a junction FET,
bipolar transistor, diode, capacitor or the like, or other active
clement or passive element or an appropriate combination of
these elements.

According to the semiconductor integrated circuit device
and the adjustment method of the same semiconductor
integrated circuit device of the present invention, when
analog signal outputted from the analog signal generating,
section such as an mternal power source circuit incorporated
in the semiconductor integrated circuit device 1s adjusted, a
result of comparison and judgment between the analog
signal and a predetermined value does not need be outputted
through an external terminal outside the semiconductor
integrated circuit device. Further, the result of comparison
and judgment may be converted to digital signal and out-
putted through the external terminal. That 1s, an external
tester device and test method can be simplified so that the
adjustment test can be carried out accurately and rapidly.
Further, a pseudo load can be connected to an analog signal
depending on load setting signal and therefore, the analog
signal can be adjusted under a similar load condition to the
actual operation of the semiconductor integrated circuit
device.

What 1s claimed 1s:

1. A semiconductor mtegrated circuit device comprising:

an analog signal generating section for outputting an
analog signal; and

a predetermined signal storing section for storing at least
one predetermined signal that 1s supplied to the analog
signal generating section and sets the analog signal to
a predetermined value,
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wherein digital signals are used for input/output interface
to external terminals,

for adjusting the analog signal, the semiconductor inte-
orated circuit device further comprises a judgment
section for outputting at least one judgment signal that
corresponds to a comparison result of the analog signal
corresponding to at least one adjustment signal and the
predetermined value generated based on power source
voltage, for each adjustment signal supplied to the
analog signal generating section 1n accordance with a
test signal, and

in case the judgment signal judges that the analog signal
has the predetermined value, the adjustment signal
corresponding to the as-judged analog signal 1s stored
in the predetermined signal storing section as the
predetermined signal.

2. A semiconductor 1ntegrated circuit device according to
claim 1 further comprising a signal selecting section that 1s
controlled by the test signal and supplies either the adjust-
ment signal or the predetermined signal to the analog signal
generating section.

3. A semiconductor integrated circuit device according to
claim 1, wherein the adjustment or the predetermined signal
1s digital signals of two or more than two bits and inputted
to a decoding section arranged at a preceding stage of the
analog signal generating section.

4. A semiconductor integrated circuit device according to
claim 1, wherein the predetermined value 1s a predetermined
analog value region between a first comparison reference
value and a second comparison reference value, and the
judgment signal judges which analog value region sectioned
by two or more comparison reference values mncluding the
first and the second comparison reference values the analog
signal exists 1n.

5. A semiconductor mtegrated circuit device according to
claim 4, wherein the judgment section includes:

a plurality of comparing sections for comparing the
analog signal with each of the two or more comparison
reference values; and

an encoding section for outputting encoding signals 1n a
manner of receiving output signals from the plurality of
comparing sections and discriminating the analog value
region where the analog signal exists.

6. A semiconductor integrated circuit device according to
claim 4, wherein the two or more comparison reference
values are obtained by lowering/dividing power source
voltage.

7. A semiconductor mtegrated circuit device according to
claim 1, wherein the analog signal generating section 1s an
internal power source voltage generating section and outputs
internal power source voltage as the analog signal.

8. A semiconductor integrated circuit device according to
claim 1, wherein the predetermined signal storing section
includes memory elements or fuse elements, and the prede-
termined signal storing section 1s controlled inside the
semiconductor integrated circuit device based on the judg-
ment signal for data-write on the memory elements or
cutting out the fuse elements.

9. A semiconductor integrated circuit device according to
claim 1, wherein the judgment signal 1s a digital signal and
outputted from the external terminal.

10. A semiconductor integrated circuit device according
to claam 1, wherein the predetermined signal storing section
includes fuse elements or memory elements, and based on
external control to the judgment signal outputted, data-write
on the memory elements or cutting out of the fuse elements
1s conducted.
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11. A semiconductor integrated circuit device according to
claim 1 further comprising an adjustment signal generating
section for outputting the adjustment signal 1n order under
activation control by the test signal.

12. A semiconductor integrated circuit device according
to claim 11, wherein the adjustment signal generating sec-
tion includes an oscillation section for outputting an oscil-
lation signal having predetermined frequency, and counter
section for counting the oscillation signal, transitioning and
outputting the adjustment signal with constant cycle based
on the predetermined frequency.

13. A semiconductor integrated circuit device according
to claim 1 further comprising a self-diagnosis test circuit for
executing predetermined tests for the predetermined mternal
circuits 1nside the semiconductor integrated circuit device,
wherein adjustment test of the analog signal 1s executed as
one of tests by the self-diagnosis test circuits.

14. A semiconductor integrated circuit device according
to claam 13, wherein the test signal, the adjustment signal,
and the judgment signal are mputted to/outputted from the
self-diagnosis test circuit.

15. An adjustment method of a semiconductor integrated
circuit device that generates an analog signal having a
predetermined value based on at least one predetermined
signal stored and uses digital signals for input/output inter-
face to external terminals, for adjusting the analog signal,
the adjustment method comprising the steps of:

a signal generating step for generating the analog signal
that corresponds to at least one adjustment signal;

a judgment step for judging a comparison result of the
analog signal generated and the predetermined value
generated based on power source voltage, the judgment
step being executed 1nside the semiconductor inte-
orated circuit device; and

a storing step for storing the adjustment signal as the
predetermined signal in case the analog signal 1s judged
as having the predetermined value through the judg-

ment step.

16. An adjustment method of a semiconductor integrated
circuit device according to claim 15, wherein the adjustment
signal makes stepwise transition and the signal generating
step and the judgment step are repeated for each adjustment
signal.

17. An adjustment method of a semiconductor integrated
circuit device according to claim 15, wherein the storing step
1s executed 1nside the semiconductor imtegrated circuit
device.

18. An adjustment method of a semiconductor integrated
circuit device according to claim 15, wherein judgment of
the comparison result 1s outputted from at least one of the
external terminals 1n a form of at least one digital signal.

19. An adjustment method of a semiconductor integrated
circuit device according to claim 18, wherein the storing step
1s controlled outside the semiconductor integrated circuit
device.

20. An adjustment method of a semiconductor integrated
circuit device according to claim 19, wherein the storing step
includes: a signal obtaining step for obtaining the adjustment
signal as the predetermined signal 1n case the analog signal
1s judged as having the predetermined value; and a write step
for writing the obtained predetermined signal 1n a predeter-
mined signal storing section.
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